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ABSTRACT 

A list of 4,131 dwarfs, subgiants, and giants located, or suspected to be located, within 33 parsecs of the 
Sun is presented. All the stars are drawn from the new LSPM-north catalog of 61,976 stars with annual proper 
motions larger than 0.15" yr" 1 . Trigonometric parallax measurements are found in the literature for 1,676 of 
the stars in the sample; photometric and spectroscopic distance moduli are found for another 783 objects. The 
remaining 1,672 objects are reported here as nearby star candidates for the first time. Photometric distance 
moduli are calculated for the new stars based on the (My,V-J) relationship, calibrated with the subsample of 
stars which have trigonometric parallaxes. The list of new candidates includes 539 stars which are suspected 
to be within 25 parsecs of the Sun, including 63 stars estimated to be within only 15 parsecs. The current 
completeness of the census of nearby stars in the northern sky is discussed in light of the new candidates 
presented here. It is estimated that w 32% (ss 18%) of nuclear burning stars within 33 parsecs (25 parsecs) of 
the Sun remain to be located. The missing systems are expected to have proper motions below the 0.15" yr" 1 
limit of the LSPM catalog. 

Subject headings: astrometry — surveys — stars: kinematics — solar neighborhood 



1. INTRODUCTION 

Proper motion catalogs have historically been the primary 
sources for the identification of stellar systems in the vicin- 
ity of the Sun. While star distances are ultimately determined 
from measurements of annual parallactic motions, these re- 
quire a substantial investment of time and effort. Parallax 
programs are thus most successful when they rely on input 
lists of objects already suspected to be nearby. Since a large 
proper motion is an indicator of proximity, high proper mo- 
tion (HPM) stars have always been prime targets for parallax 
programs. It is a historical fact that the vast majority of the 
stars now known to be in the "Solar Neighborhood" (d < 25 
pc), and recorded in compendi ums such as the Third Catalog 
of Nearby Stars JGliese & JahreissH99H) hereafter the CNS3, 
or the NASA NStars Database 1 , have first been identified as 
HPM stars. 

Perhaps the most important feature of the nearby star census 
is the fact that it is dominated by low-luminosity red dwarfs, 
with absolute magnitudes 9 < My < 16. The vast majority of 
the "Solar Neighborhood" r ed dwarfs are th erefore not listed 
in the HIPPARCOS catalog JPerrvmanl 19971) which has a lim- 
iting magnitude V » 12. On the other hand, most nearby red 
dwarfs are expected to be detected on the photographic plates 
of the large Schmidt telescope surveys (e.g. POSS-I, POSS- 
H, SES, AAO) which typically reach V w 20. Because nearby 
red dwarfs have optical colors similar to those of distant giants 
or dust-reddened stars, they are most easily and reliably iden- 
tified by their large proper motions. In fact, the main strength 
of proper motion surveys is that they can locate nearby stars 
independently of their physical appearance (color, luminos- 
ity). 

One caveat is that a high proper motion is neither a neces- 
sary nor a sufficient condition for a star to be nearby. Nearby 
stars can have small proper motions if their motion vector is 
pointing toward, or away from the Sun ( Garc ia-Sanchez etal\ 

1 http://nstars.arc.nasa.gov 



2001 ). Conversely, distant stars can have large proper motions 
if their transverse motion relative to the Sun is also large, such 
as is typically the case for stars on Galactic Halo orbits. Hence 
the dilemma: the completeness of a nearby star census based 
on proper motion surveys increases as the proper motion limit 
is set to smaller values, but decreasing the proper motion limit 
also greatly increases the number of distant stars that make it 
into the survey, which can be viewed as "contaminants" for 
parallax programs aimed at finding the nearest stars . 

The earlier proper motion catalogs o flWohl lll919ft and lRossI 
( 1939) had relatively high proper motion limits (fi > 0.3" 
yr _1 -0.5" yr" 1 ) and together contained a little over 2500 stars, 
a manageable size for parallax programs. However, later 
catalogs became increasingly larger, bringing the number of 
known high proper moti on stars to sizes difficult t o man- 
age. The catalogs by iGiclas, Burnha m. & Thomasl dl971l) 
and IGiclas. Burnham & Thomasl i 19781) contain 1 1 .000+ 
stars w ith u > 0.2 yr " 1 , while the famous "NLTT cata- 
log" of iLuvtenl dl979bl) . the main reference in the field for 
25 years, contains over 58,000 stars with fi > 0.18 yr" 1 , 
down to a magnitude V = 20. These large catalogs pro- 
vide several times more targets than can be handled by ex- 
isting ground-based parallax progra ms jMonet et al.\ 119921 
Henrv e7alll2002t iDahn et oil 120021) . To illustrate this, one 
need on ly consider the Yale catalog of trigonometric par- 
allaxes (van A ltena. Lee. & Hoffleinll995l) . which compiles 
all published ground-based parallax measurements prior to 
1995, and which contains data for only 1501 stars fainter than 
V = 12. Given these limitations, most efforts at finding nearby 
stars h ave focused on a subsample of the NLTT, the "LHS cat- 
alog" ILuvtenl <1979al) . which basically lists the 4470 NLTT 
stars with the largest proper motions (/i > 0.5" yr" 1 ). 

It is however possible to mine large proper motion catalogs 
for nearby stars, by using secondary distance estimators such 
as photometric or spectroscopic distance moduli. Photometry 
and spectroscopy are more readily obtained for large samples 
of objects than parallax measurements, although they provide 
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much less reliable distance estimates. But even approximate 
distance moduli can be used to trim a large proper motion 
sample down to a more manageable list of probable nearby 
stars. Luyten himself devoted substantial efforts to obtain- 
ing photographic magnitudes and colors for all the stars in 
his catalogs, though these were sometimes only approximate. 
While his m pg ,m r photographic magnit ude system was u sed 
to identify some nearby objects JGliese & Jah reiss 1983), i ts 
usefulness in estimating distance moduli for the ubiq uitous 
red d warfs was found to be very limited in practice JWeisI 
1984). More photometric/spectroscopic data was needed, and 
the follow-up VRI photometric surv ey of s a 2000 NLTT stars 
with fj, < 0.5" yr" 1 iWeisll986lH987lll988l) proved successful 
in identifying 295 new Solar Neighborhood candidates. 

A major advance came with the availability of accurate 
infra-red JHK, photometry from the 2 Micron All-Sky Survey 
(2MASS). In a series of papers ("Meeting the Cool Neigh- 
bors. I. -IX."), I. N. Reid and colleagues used data from the 
2MASS Second Incremental Release to systematically mine 
the NLTT for nearby stars. In the first paper of their series, 
a combination of Luyten's estimated photographic red mag- 
nitude (m r ) with accurate K s magnitudes from the 2MASS 
second incremental release was succesfully used to iden- 
tify a subsampl e of candi date red dwarfs within 20 pc of 
the Sun (Reid & Cruzl 120021) . Distance moduli were calcu- 
lated based on the 2MASS magnit udes an d follow-up BVRI 
photometry jReid. Ki lkenny & Cruz 2002), and spectroscopy 
JCruz & Reidl 120021 iReid et al.ll2003al) of the NLTT candi- 
dates. Unfortunately, pos itions quoted in the N LTT catalog 
often contain large errors (iGould & Salimll2003l) : this proved 
a major impediment, as 2MASS counterparts of NLTT stars 
sometimes could not be found, or were mismatched. These 
problems were mitigated by the use of th e revised NLTT (or 
rNLTT) catalog of Salim & Gould (2003), which provide re- 
estimates of NLTT positions, and through the use of addi- 
tional selection cri teria (e.g. color-c olor cuts) to identify and 
reject mismatches (Reid et a/.l2004l) . 

With these successes, the nearby star census appears now 
to be only limited by the NLTT catalog itself. Apart from the 
issues of the accuracy of its photometry and astrometry, the 
NLTT has long been known to be s ignificantly incomplete in 
some parts of the sky (Dawson 1986). The nearby star census 
would benefit from a more complete proper motion survey, 
but also from an expansion to fainter magnitudes, and espe- 
cially from an expansion to smaller proper motions, the NLTT 
itself being limited to stars with // > 0.18" yr" 1 . 

This is why the new LSPM-north catalog, as a replacement 
of the old NLTT, promises to improve significantl y on nearby 
stars surveys. The LSPM-north catalog ( Lepine & Shara 
120051) is the product of a massive data mining of the Dig- 
itized Sky Surveys (DSS) with a specialized software (SU- 
PERBLINK) that uses image subtraction algorithms to iden- 
tify moving and variable objects. The LSPM-north lists 
61,976 stars with proper motions p, > 0.15 down to V=21.0, 
and is estimated to be > 99% complete down to V = 19. Be- 
sides being marginally deeper, and significantly more com- 
plete than the NLTT, the LSPM is also much more accurate, 
with positions within 1" at the 2000.0 epoch, and optical pho- 
tographic magnitudes to ±0.3-0.5mags obtained from the 
USNO-B 1 .0 catalog o flMonet et al\ d2003h . The LSPM-north 
catalog also provides counter parts from the 2MASS All Sky 
Point Source Catalog (Cutri et al. 2003) when they exist. By 
being deeper, more accurate, and more complete, the LSPM- 
north catalog supersedes the NLTT in all respects (though 



only at northern declinations for now). The use of the 2MASS 
All Sky Point Source Catalog also offers the opportunity to 
expand significantly upon the Reid et al. analysis, which was 
restricted to the fraction of the sky covered by the 2MASS 
Second Incremental Release. 

The first paper of this series presents our initial efforts at 
identifying nearby stars in the LSPM-north catalog, specif- 
ically the identification of new candidate main-sequence 
dwarfs within 33pc of the Sun. Data are found in the litera- 
ture for all LSPM stars that have published trigonometric par- 
allaxes or photometric/spectroscopic distance moduli. A cali- 
bration of the [My,V-J] relationship in the V,J system of the 
LSPM-north catalog provides the identification of 1672 new 
candidate nearby stars with distances estimated to be within 
33pc of the Sun. Identification of nearby white dwarfs from 
the LSPM-north catalog will be detailed in the second paper 
of this series, while a subsequent paper will address the prob- 
lem of identifying nearby metal-pool subdwarfs (Lepine, in 
preparation). 

This paper is organized as follows: §2 describes the cali- 
bration of the My , V - J color magnitude relationship for main 
sequence dwarfs, which is used to estimate photometric dis- 
tance moduli of LSPM stars. §3 gives complete lists of nearby 
dwarfs listed in the LSPM catalog for which there exists pub- 
lished trigonometric parallaxes or photometric/spectroscopic 
distance moduli, and presents the selection of new candidate 
stars within 33pc. §4 analyzes the current completeness level 
of the nearby star census in terms of limiting magnitude and 
proper motion selection. The main results are summarized in 
the conclusion (§5). 

2. STELLAR DISTANCE ESTIMATES 
2.1. Trigonometric parallax standards 

Photometric distance moduli (m-M)y.y for all main se- 
quence LSPM-north stars are estimated based on a color- 
magnitude relation in the (V,V-J) color-magnitude system 
used in the LSPM-north catalog. An absolute magnitude- 
color calibration My = My(V—J) is calibrated with a subsam- 
ple of 3,104 LSPM stars for which there exist reliable trigono- 
metric parallax (7r mg ) measurements. Most calibr ation stars 
are se lected from the Hipparcos and Tycho catalog ( Pe rrvmarl 
1997), and from the Yale catalog of trigonometric parallaxes 
( Ivan Altena.Tee . & Hoffleit 1995) - hereafter YPC. Calibra- 
tion stars are selected based on the following criteria: [1] the 
star has a measured Tr tr i g with an estimated accuracy better 
than 10%, [2] the star has 7r, n? > 0.025", placing it within 
40pc of the Sun. [3] the star does not have a companion 
within p = 15". The first constraint ensures that absolute mag- 
nitudes can be calculated from apparent magnitudes with an 
accuracy of ±0.1mag. The second constraint is used because 
our calibration is to be applied in determining distances for 
nearby stars, and we wish to compare objects of a given color 
class over a similar distance range in order to avoid or limit 
biases such as dust reddening or possible systematic errors 
in our USNO-B 1.0 optical magnitudes. The third constraint 
excludes proper motion doubles with small separations, for 
which V and J magnitudes are often affected by large errors, 
particularly for the faint companions. 

The Hipparcos and Tycho catalog provides accurate space- 
based parallaxes for 1530 LSPM stars. The Hipparcos par- 
allaxes generally have errors under 5 mas. Unfortunately, 
these are limited to relatively bright (V < 12) objects, which 
are only effective in mapping the brighter half of the main 
sequence (from spectral types OB to spectral type K). For 
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the low-luminosity red dwarfs (spectral type M), one has to 
rely on ground-based parallaxes. The YPC catalog compiles 
most ground-based parallaxes published in the literature be- 
fore 1995. These, however, are not as homogeneous or accu- 
rate as the Hipparcos parallaxes, and sometimes have errors 
as large as 40-50 mas. After applying the criteria above, we 
find reasonably accurate YPC parallaxes for a total of 695 ad- 
ditional LSPM stars. 

Hipparcos parallaxes can also be used for a limited num- 
ber of fainter stars that happen to be common proper mo- 
tion companions of Hipparcos objects (and are thus physi- 
cally related and at the same distance). Buy cross-correlating 
LSPM positions with the Hipparcos and Tycho catalog, we 
find 60 LSPM stars to be common proper motion companions 
of TT tr ig > 0.025" Hipparcos stars, with angular separations 
p > 15" between the components. The secondaries range in 
absolute magnitude from My = 7.8 to My = 14.8. 

Despite these additions, the combined sample of Hipparcos 
and YPC stars remains deficient in objects at the bottom of 
the main sequence (My > 15). Accurate parallaxes of very 
low-mass M and L dwar fs have however be en published in 
iDahn et al\ J2002I) and in iReid et al\ J2003bl) . These papers 
provide parallaxes for 13 faint LSPM stars, of which 1 1 have 
My > 15. Finally, a search of the NStars database provides re- 
liable parallaxes (compiled from a variety of sources) for 52 
additional LSPM stars, including 16 with My > 15. The final 
tally is 1,951 objects to be used as color-magnitude calibra- 
tors. 

2.2. Photometric distance modulus calibration 

Absolute magnitudes My for stars in the calibration sub- 
sample are calculated from their apparent V magnitudes and 
observed trigonometric parallaxes ir trlg . These are plotted 
against their V — J colors in Figure 1. The main sequence 
is clearly visible, as is the white dwarf sequence on the 
lower left of the diagram. A few stars are found in between, 
and are most probably subdwarfs. The top of the main se- 
quence (My < 10) is more densely populated than the bottom 
(My > 10), which reflects the systematic availability of ac- 
curate it tr i g for bright stars (from the Hipparcos catalog). At 
this time, only limited samples of fainter stars have accurate 
(ground-based) parallaxes. 

For the main sequence (MS) stars, we find a monotonic 
relationship between the V — J color index and the absolute 
magnitude My. The relationship has several inflection points. 
We subdivide it into 5 segments. For each, we calculate the 
relationship from a linear regression of the data points (least 
squares fitting). We map the main sequence as follows: 

My = 0.08 + 3.89(V-J) [0.7<V-J< 1.5] 

m; = 2.78 + 2.09(V-7) [1.5 < V-J < 3.0] 



M' v = 1.49 +2.52(7-/) 
M^ = 2.17+2.35(7-7) 
M' v =4.41+l.89(V-J) 



[3.0< V-/<4.0] 
[4.0<V-7<5.0] 
[5.0< V-/<9.0] 



(1) 



For any MS star, we can then calculate a photometric distance 
modulus (m-M)yj with: 



{m-M) V j = V-M[ 



Vi 



(2) 

where M' v = M V (V - J) follows the relationships defined 
above. Photometric parallaxes 7r p / 1( „ can then be estimated 
with: 

n phot = l0 (3) 



-. i | i i i | r 
■ HIPPARCOS Catalogue 
+ Yale Catalog trig. plx. 
» Dahn et al. (2002) 
o Other source 




FIG. 1. — Color-magnitude diagram for 1,987 stars in the LSPM cata- 
log for which there are measured trigonometric parallaxes Tutrix > 0.025" 
with 10% or better accuracy. Different labels indicate the source of ir tr i g . 
The main sequence is well defined, and so is the cooling sequence of white 
dwarfs (lower left). There is also a subgiant/giant spur discernible around 
V— J—1, < My < 5. Solid lines are traced ±0.65mags from our fitted color- 
magnitude relationship (see text). Stars with V—J > 3 falling above the lines 
are possibly unresolved doubles, while objects falling between the main se- 
quence and white dwarf sequence are most probably (metal-poor) subdwarfs. 



•■^^ — 



FIG. 2. — Difference in the distance moduli calculated from the trigono- 
metric and photometric parallaxes, for the sample of distance calibration stars 
shown in Figure 1. The solid lines show the running lcr dispersion. The dis- 
persion is Ri 0.45 for V - J < 3 stars, which mostly consist of Hipparcos 
objects, for which both V and J are relatively accurate. For redder (V -J > 3) 
stars, whose V magnitudes are based on photographic plate measurements, 
the dispersion is 0.65. This indicates a mean error of up to 35% on photo- 
metric distance estimates). 
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TABLE 1 

Mean errors in the photometric distance moduli 



V-J 




X=(m-M), rig -(m-M) V j 




X 




nx 


1.0-2.0 


-0.001 


0.344 


647 


2.0-3.0 


-0.042 


0.331 


372 


3.0-4.0 


0.034 


0.573 


259 


4.0-5.0 


-0.027 


0.690 


196 


5.0-6.0 


-0.059 


0.557 


69 


6.0-9.0 


-0.038 


0.631 


32 



2.3. Calibration accuracy 

We estimate the accuracy of our photometric distance mod- 
uli by calculating (m-M)yj for all our calibration stars, and 
comparing with the trigonometric distance moduli (m—M) tr ig, 
where 

{m-M) tHg = -5\og-K trig -5. (4) 

For each star, we calculate the difference between the trigono- 
metric and photometric distance moduli (m - M), r j g — (m — 
M)vj- These are plotted in Figure 2 as a function of V - J 
for our calibration stars. We find a dispersion that increases 
from a m 0.34 mag at V-J < 3.0 to a = 0.69 mag at 4.0 < 
V-J < 5.0, and down to a = 0.56 mag at 5.0 < V-J < 6.0. 
The values for the scatter in the color-magnitude relationship 
are listed in Table 1, for given ranges in V-J. These provide 
standard errors for the (m-M)vj distance moduli estimates. 

The smaller (larger) errors on 7r p /, of for the bluer (redder) 
stars is largely consistent with the expected accuracy of the 
V-band magnitudes in the LSPM. The bluer calibration stars 
happen to be among the brighter stars in the LSPM cata- 
log (V < 12) for whi ch the V m agnitudes are quoted from 
the TYCHO-2 catalog Hoa etal. (2000), and are accurate to 
±0.1mag. Most of the redder calibration stars, on the other 
hand, are drawn from the group of fainter LSPM stars, which 
have their V magnitudes estimated from photographic plate 
measurements, mostl y based on mag nitudes from the USNO- 
B1.0 catalog of Monet et al. (2003) which are only accurate 
to ±0.3-0.5mag. 

One must note that at a given (V - J), the error in the dis- 
tance modulus is generally not equivalent to the error in the 
V magnitude. Rather, it depends on the slope b of the color- 
magnitude relationship M' v = a + b(V -J). From equation 3, 
we see that a 5V error in V propagates as (b- \)8V . Hence 
for b > 1, a steeper slope means a larger error on the pho- 
tometric distance modulus for a given SV . Hence between 
4 < (V-J) < 5, the ±0.5 mag error on the photographic mag- 
nitudes is expected to yield an w ±0.68 mag error on the dis- 
tance modulus, which is consistent with our results. 

In any case, the dispersion in (m-M) tr i g -(m-M) p i w , cannot 
be attributed only to errors in the V-band magnitude measure- 
ments. There is an intrinsic dispersion in the color-magnitude 
relationship caused by a variety of factors such as multiplicity, 
variability, and metallicity. This has been known historically 
as the "cosmic scatter". This scatter is clear from the 0.3 mag 
dispersion observed for (V-J) < 3 stars, whose V magnitudes 
are those determined from HIPPARCOS measurements, and 
are generally accurate to better than 0.03 mag. Intrinsic fac- 
tors are also probably responsible for the existence of the sev- 
eral outliers (> 2a from the mean). These can be unresolved 
doubles, variables, or even metal-poor subdwarfs that are nat- 



urally expected to fall below the metal rich main sequence of 
the local Galactic disk stars. 

2.4. Lutz-Kelker corrections 

The direct calibration of absolute magnitudes using parallax 
measurements is generally susceptible to a type of systematic 
errors, known as the Lutz-Kelker bias. A nic e review of the 
topic can be found in Sandaae &Sahal f2002). This bias gen- 
erally results in absolute magnitudes being overestimated, and 
is dependent of the ratio of the parallax measurement errors 
over the measured parallaxes a-^n' 1 . Given that our calibra- 
tors were selected to have ov^ -1 < 0.1, and given the stars 
were selected based on proper motion, we need to determine 
whether the Lutz-Kelker is significant, and whether correc- 
tions should be applied. 

Generally, the Lutz-Kelker bias occurs in a subsample of 
objects with measured parallaxes ttq and affected by measure- 
ment errors a T , when the distribution of true parallaxes tt in 
the underlying population decreases monotonically with tt (as 
when the number of calibrators increases with distance). The 
measurement errors are symmetric about 7ro, but the probabil- 
ity distribution P(tt\ttq) is not because of the asymmetry in the 
distribution of tt values around ttq. Simply put, because there 
are more distant stars than nearer ones, a star with measured 
parallax ttq is more likely to be a distant star whose parallax 
is overestimated (tt < tto) than a nearby one whose parallax 
is underestimated (tt > ttq). On average, the mean parallax of 
a group of stars will thus be overestimated, which means the 
derived absolute magnitude will be overest imated too. The 
classical case investigated bv lLutz & Kelkerl i ll 9731) is the one 
where the calibrators are uniformly distributed in space, for 
which the distribution in true parallax follows /(tt) ~ ir~ 4 . An 
analytical derivation indicates a bias in the absolute magni- 
tude calibration of +0. 1 1 mag for a^ir' 1 =0.10, down to +0.02 
mag for ct^tt' 1 = 0.05, and +0.01 mag for g^tt' 1 = 0.025. 

All our calibrators have a^n' 1 < 0.10, following our selec- 
tion criteria. The HIPPARCOS stars, which populate the up- 
per half of the main sequence (My < 10), tend to have signifi- 
cantly more accurate parallax measurements, with {u^tt' 1 ) = 
0.036. This value corresponds to a very small classical Lutz- 
Kelker bias of only +0.014 mag. For the calibrators that define 
the lower half of the main sequence (My > 10), our sample 
has (cr T 7r _I ) ~ 0.048, which corresponds to a bias of +0.019 
mag. 

However, the above values most probably overestimate the 
actual Lutz-Kelker bias in our data. The reason is that our 
sample of calibrators is not drawn from the general supersam- 
ple of stars in the Solar neighborhood (whose density is uni- 
form) but rather from a restricted supersample that includes 
only stars with proper motions above a certain value. This 
proper motion limit is fi = 0.15'V" 1 for the HIPPARCOS ob- 
jects (the lower limit of the LSPM-NORTH catalog). For 
the fainter calibration, it is much larger because faint paral- 
lax targets have historically been selected among subsamples 
of stars with very large proper motions (e.g. the LHS cata- 
log, with a proper motion limit = Q.5"yr~ l ). The effect of 
drawing the calibrators from a proper-motion selected super- 
sample tends to reduce the Lutz-Kelker bias, because the su- 
persample will be increasingly incomplete at larger distances 
(see §4 below), and the distribution function /(tt) will be shal- 
lower than in the classical case. Estimates of the Lutz-Kelker 
bias for shallo wer distribution has been investigated by e.g. 
iHansonl dl979). who showed that for power law distributions 
f(ir) ~ 7r~" with n < 4, the magnitude of the Lutz-Kelker cor- 
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rection is reduced compared with the classical case (n = 4). 

Given the uncertainty in the underlying bias associated with 
the supersample (i.e. uncertainty in the form of f(n)), the ap- 
plication of any specific Lutz-Kelker correction to our cali- 
bration cannot be justified. In any case, the Lutz-Kelker bias 
is most likely to be very small (< 0.02 mag). Our photomet- 
ric distances may thus systematically underestimate the true 
distances of the candidate nearby stars, but only at the 1-2% 
level. For any given star, this bias is negligible compared with 
e.g. the intrinsic "cosmic scatter" of w 0.3 mag, or to the 
w 0.5 mag photometric errors. 

3. M DWARFS WITHIN 33 PARSECS 

Our goal is to identify the largest possible number of dwarf 
stars within the traditional confines of the Solar neighborhood 
(d < 25 pc). Since our photometric distances are accurate only 
to ±35%, an extension to 33pc ensures that the large majority 
of 25pc stars will fall into the sample. A limiting distance of 
33pc is thus adopted. The LSPM-north catalog does allow one 
to identify objects at much larger distances, but the objective 
of this paper is to provide a list of high priority objects of a 
size that can be managed by ground-based parallax programs. 

3.1. Previously known objects with parallax measurements 

The LSPM-north contains thousands of new HPM stars, 
but lists all previously known HPM stars as well, including 
those from the NLTT and LHS catalogs. It is thus not surpris- 
ing that a large number of LSPM entries are stars that have 
have long been suspected (or confirmed) to be nearby. Since 
the LSPM is virtually complete for all stars with /i > 0.15" 
yr -1 down to a magnitude V = 19, the vast majority of known 
nearby stars from the north celestial hemisphere are expected 
to have counterparts in the LSPM-north. The only excep- 
tions are known nearby stars with very small proper motions 
{p, < 0.15" yr" 1 ) or objects with very faint optical magnitudes 
(V > 20). T he latter group includes most known ne arby L 
and T dwarfs (Kirkpatrick et al. 2000; Cruz et al. 2003); these 
are generally too faint in the optical bands to be detected on 
the POSS-I/POSS-II red plates, on which the LSPM-north is 
based. In any case, most of them are not stars but brown 
dwarfs. 

We searched the literature for parallax measurements of 
LSPM sources which would place the star within 33 pc of 
the Sun. Our search turned up parallax measurements ir tr i g > 
0.03" for 1676 LSPM stars. This excludes stars whose posi- 
tions in the color-magnitude diagram suggest they are either 
white dwarfs or subdwarfs. The complete list of objects is 
provided in Table 2; most of the stars are main sequence ob- 
jects (dwarfs) but there are a few subgiants and giants. Par- 
allax data are primarily from the Hipparcos and Tycho Cat- 
alogue, including data for 1207 stars that are formal Hippar- 
cos objects, and for 54 more stars that are close companions 
or common proper motion companions of Hipparcos objects. 
Another major source of parallax data is the YPC, which pro- 
vides parallaxes for 361 additional LSPM stars. Additional 
7ri r ig are found in the NStars database for 40 more LSPM stars. 
Parallax data are found in Da hn et ali (12002) for 13 faint, red 
LSPM s tars. Finally a para llax for LSR J 1835+3259 is pub- 
lished in lReid et aZ.I(l2003bl) . 

Table 2 gives the name under which the star is generally 
known along with the LSPM designation. The table quotes 
the LSPM position and proper motion at the 2000.0 epoch, 
and gives the V magnitude and V — J color, also from the 
LSPM. The trigonometric parallax is given along with its es- 
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FIG. 3. — Comparison between the trigonometric distance 7r mj , and the 
photometric distance modulus (m-M)vj for LSPM stars within 33 pc that 
have published values of TT tr j g . The solid line shows the expected rela- 
tionship for single stars. The dashed line shows the relationship expected 
for unresolved doubles of equal brightness and color. Objects close to 
the dashed line are likely to be unresolved doubles. Some stars also have 
(m-M)vj — (m—M) tr i s > 1 (top of the graph); these are possible metal-poor 
subdwarfs for which the (m-M)vj overestimate their actual distance. 



timated error, and the bibliographical source. The distance 
modulus (m-M)vj, as estimated from the calibration de- 
scribed in §2, is shown for comparison. Note that many stars 
do not have (m-M)vj estimates, because their blue color 
(V— J < 0.7) falls outside the range of of calibration system. 
The final column in Table 2 gives the distance from the Sun 
(in parsecs) as derived from the trigonometric parallax. 

Figure 3 compares the derived distance modulus (m-M)v.j 
with the distance modulus calculated from the measured 
trigonometric parallax {m — M) trig = -5-51og7r,„- g . The ex- 
pected locus of single stars is shown in Figure 3 (full line). 
The difference between the two estimates, (m-M)vj-(m- 
M) tr i g , has a mean value of +0.04 mag, and a dispersion 
0.50 mag, after removal of the 3er outliers. This is consis- 
tent with our calibration of (m-M)vj using a subset of these 
stars (see §2 above). There appears to be a small number of 
stars that have (m- M)v.j - (m — M),„ g w -1.5 (see Figure 3). 
Such an underestimate of the distance, by photometric means, 
would be consistent with those stars being unresolved dou- 
bles. The expected locus of unresolved binaries with equal- 
luminosity components in the (m-M) rr i g ,(m-M)v.j diagram is 
drawn in Figure 3 (dashed line). There are also a few objects 
whose photometric distance appear to be significantly overes- 
timated, with (m-M)vj-(m-M), r j g > -1.5. In all likelihood, 
these objects are metal-poor subdwarfs, for which the color- 
magnitude calibration of §2 is invalid. 

3.2. Previously known objects with 
photometric/ 'spectroscopic distance moduli 
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There exist several hundred high proper motion stars that 
do not have trigonometric parallaxes, but that have been pre- 
viously cited in the literature as candidate nearby stars. We 
compile a list of the main sequence dwarfs (i.e. excluding 
known white dwarfs and subdwarfs) that have been cited as 
candidate nearby dwarfs with estimated distance within 33 pc, 
and that have a counterpart in the LSPM-north. The list, com- 
prising 783 stars, is provided in Table 3. Some 468 stars have 
published photometric distance estimates, while another 315 
have spectroscopic distance estimates. 

Some 359 stars have photometric distances quoted in the 
CNS3 but no formal trigonometric parallax. Most of these 
stars have their distance modulus calculated from the photo- 
metric survey of lWeisI l ll986Ul987lll988l) . Most of the other 
nearby star candidates are from the study of the NLTT catalog 
conducted by Reid et al. We fi nd photometri c dista nce esti- 
mates for 56 stars in [ R eid. Kilkenny & Cru a (120021) and for 
29 more in lReid et al\ ( 120041) . iReid et al.\ J2003al) give spec- 
troscopic distance estimates for 28 stars that h ave counter- 
parts in the LSPM-north, and Reid et al. (2003b) give spectro- 
scopic distances for 169 more, and Reid et al. (2004) for 91. 
Spectroscopic distance estimates for high proper motion dis- 
covered with SUPERBLINK were also obtained fo r 104 stars 
with fj, > 0.5" yr _1 bv lLeoine. Rich. & Sharal (120031) . The list 
comprises 19 stars that are d < 33pc candidates; these are in- 
cluded in Table3. 

There now also exists spectroscopic/photometric distance 
moduli for numerous cool and ultra-cool dwarfs discovered 
with the 2MASS and DENIS surveys. Photometric dis- 
ta nce moduli are giv en for 52 ultra-cool 2MASS dwarfs 
in iGizis et al\ ( 120001) : we find matches in that list for 15 
of the reddest LSPM stars. Spectroscopic distance mod- 
uli are calculated fo r 251 late M dwarfs and L dwarfs 
in ICruz et al\ (120031) . The majority of these objects are 
either in the southern sky or are too faint in the opti- 
cal to be included in the LSPM catalog, but we neverthe- 
less find matches to 5 additional red LSPM stars. Two 
nearby ultra-cool dwarfs discovered in the DENIS infrared 
survey are also found among the reddest LSPM entries: 
the L4 dwarf DENIS-P J104842.8+01 lL5j$_hasa spectro- 
scopic distance modulus estimated by iKendall et al.\ J2004I) . 
while the DENIS-P J03 1 225. 1+002158 h as a photometric dis- 
tance modulus cited in |Ph an-Bao et al. (2001]). A photo- 
metric distance for LP 584-4 (DENIS J000206. 1+01 1536) 
is also given in |Ph an-Ba o et ali (|2003). The LSPM-north 
catalog also includes the very nearby star LHS 2090 (d = 
6pc), whose p hotometr ic distance was first reported by 
IScholz. Meusinger. & .Tahreissl (1200 ll) . A spectrophotometric 
parallax for the very high proper motion (u = 5.0" yr" 1 ) star 
SO 025300.5+165258 is given in Teega rden etal\ J2003h . Fi- 
nally, a photometric/spectroscopic distance modulus for LSR 
J0602+3 910, the brightest L dwarf in the sky (V=20.1), is 
given by Salim e7all(l200l . 

Figure 4 compares the photometric and spectroscopic dis- 
tance moduli cited in the literature to the distance modulus 
(m-M)vj calculated from the V magnitude and V-J color 
cited in the LSPM catalog. The published (m-M) p i 10 , agree 
very well with the LSPM distance modulus estimate. Values 
for {m-M)vj-{m-M) p i m , have a mean of 0.03 mag and a dis- 
persion of 0.43 mag, after removal of 3a outliers. The good 
match between the two distance moduli probably only attests 
to the fact that the two calibrations are essentially based on 
the same sample of objects with measured 7r„, g . 

On the other hand, there is a slight disagreement be- 
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FIG. 4. — Top: comparison between photometric distances 7r p ; Mf cited 
in the literature and the photometric distance modulus (m-M)vj calculated 
from LSPM catalog magnitudes. Bottom: comparison between spectroscopic 
■Kspec cited in the literature and the photometric distance modulus (m-M)vj 
calculated from LSPM catalog magnitudes. The solid line shows the expected 
relationship for single stars. 



tween the published spectroscopic distance moduli and (m- 
M)yj, with (m - M)y.j - (m - M) spec having a mean value 
of +0.15 mag. The excellent agreement observed between 
(m-M)vj and both (m-M) tr i g and (m-M) p i w , argues against 
any systematic error in (m - M)vj. This means that the 
(m — M) spec underestimate distances by sa 7% on average. 
Stars with (m-M) spec are overwhelmingly calibrated with 
th e spectral-indices/a bsolute-magnitude relationships defined 
by Reid ef al. (2003a). The 0.15 mag systematic error pos- 
sibly results from the limited number of stars used to cali- 
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brate the relationships. Note that the dispersion of 0.47 mag 
is only marginally larger than the dispersion on (m-M)vj- 
(m-M)phoi, which suggests that {m-M) spec is, in principle, 
just about as accurate as (m-M) p i wt , provided the zero point 
is accurately calibrated. 

3.3. New candidate nearby stars 

Using the color-magnitude calibration in §2, it is straight- 
forward to identify new candidate nearby red dwarfs from the 
LSPM-north catalog. Photometric distance moduli are simply 
estimated from V and V—J (Equations 1,2). The only caution 
is that since the relationship is valid only for metal-rich (disk) 
MS stars, one must avoid applying it to other types of ob- 
jects. While the bulk of the stars in the LSPM-north catalog 
are disk MS stars, the catalog also includes significant num- 
bers of metal-poor halo subdwarfs and white dwarfs, along 
with smaller numbers of giants and subgiants. 

Relative to the dwarf MS stars, giant stars are overlumi- 
nous for a given V — J color. Applying the dwarf color- 
magnitude relationship thus yields underestimated distances. 
Giant stars are quite rare in the Solar Neighborhood, but 
they can significantly contaminate samples of color-selected 
nearby star candidates since they tend to be detected over a 
much larger volume. Fortunately, proper motion selection fil- 
ters out the majority of more distant objects: the 0.15" yr" 1 
limit of the LSPM-north catalog eliminates most disk stars 
beyond » lOOpc (assuming disk stars to have transverse ve- 
locities v, <70km/s), and most halo stars beyond w 600pc 
(assuming v, <400km/s). Giant stars that made it into the 
LSPM-north catalog are bright enough to be HIPPARCOS ob- 
jects, and since there already is good parallaxes for them, no 
confusion is possible. The more problematic objects might 
be the subgiants, which are only moderately overluminous 
relative to the MS stars. The LSPM-north potentially con- 
tains subgiant stars that are too faint (V > 11) to be HIP- 
PARCOS objects. However, these are expected to be rela- 
tively blue (V—J < 2.5). According to our calibration (Eq.l), 
main sequence stars with V — J < 2.5 have absolute magni- 
tudes My < 8.0, which means they have apparent magnitude 
V < 10.6 at 33pc. Since the current goal is to identify MS 
stars within 33pc of the Sun, the search can be restricted to 
LSPM stars with V-J > 2.5. Any bluer object within 33pc 
should have already been found and measured by HIPPAR- 
COS. This constraint also effectively eliminates subgiants as 
a source of contaminants. 

White dwarf stars, on the other hand, are underluminous 
for any given V—J color. As can be seen from Fig.l, the 
white dwarf sequence falls «5 magnitudes below the main 
sequence in the standard color-magnitude diagram. Assum- 
ing the color-magnitude relationship for MS stars (Eq. 1 ) were 
applied to a white dwarf, the object would have its distance 
overestimated by a factor of 10. Restricting the search to stars 
within 33pc of the Sun virtually eliminates the possibility of a 
contamination of the sample with white dwarfs, because to 
make it into the 33pc sample of candidate stars, the white 
dwarf would actually have to be within 3.3pc of the Sun. At 
this time, there is no known isolated white dwarf star within 
3.3pc of the Sun. The probability of white dwarfs "contami- 
nating" the 33 pc sample is very small. 

Subdwarf stars are also underluminous in My for a given 
V—J color, although not as much as are the white dwarfs. 
Most nearby subdwarfs are local member of the Galactic halo 
population. One way to separate disc dwarfs from halo sub- 
dwarfs is to use an optical-to-infrared reduced proper motion 



diagram iSalim & Gouldl200l . Because the reduced proper 
motion is proportional to both the absolute magnitude of a 
star and its transverse velocity, halo subdwarfs, with their 
larger systemic velocities, fall well below the disc dwarf se- 
quence. But while this helps in separating halo dwarfs from 
disc subdwarfs, the method only works, statistically, on large 
groups of objects, and is unreliable for individual stars. In 
any case, halo subdwarfs are rare in the Solar Neighborhood 
(about 1 star in 200); if they are found in significant numbers 
in proper motion catalogs it is because of their larger mean 
velocity relative to the Sun. Again, restricting the search to 
MS stars within 33 pc of the Sun minimizes contamination 
of the nearby stars sample. The 0.15" yr" 1 limit includes all 
stars at 33 pc with transverse velocities v trans > 23.3km s" 1 , 
which still overwhelmingly consists of disk stars. Increasing 
the distance would, however, increase the ratio of subdwarfs 
to dwarfs in the census. For example, LSPM stars at 100 pc 
have Vtrans > 70.5 km s" 1 and exclude most of the disk dwarfs, 
leaving a much larger fraction of halo subdwarfs. 

Our nearby MS stars selection box, in the V, V - J diagram, 
is depicted in Figure 5, overlaid on the distribution of LSPM- 
north stars. The selection box marks the locus of MS stars 
within 3 pc and 33 pc from the Sun. Note how the selection 
box avoids regions on the graph that are mainly populated 
with giants, white dwarfs, and subdwarfs, as explained above. 
Any star that falls in the box, and that is not a known nearby 
star (i.e. it is not listed in Tables 2-3) is flagged as a new 
nearby star candidate. 

Table 4 provides the complete list of new candidate nearby 
stars. The lists includes 1672 stars with 8.20 < V < 20.63 and 
2.57 < V-J < 7.95. A total of 730 stars are objects listed 
in the literature or in previous proper motion catalogs, but 
which have never before been formally identified as nearby 
star contenders. The other 942 candidates are high proper mo- 
tion stars identified with SUPERBLINK, and first listed in the 
LSPM-north catalog. 

3.4. New nearby star candidates of particular interest 

3.4.1. HD 29271 

Our color-magnitude calibration puts this bright star at only 
6.3 ± 1 .9 pc from the Sun. While it is a V = 8.2 magnitude star, 
HD 29271 is not a HIPPARCOS star, and there is no published 
parallax for it. The star is listed with a spectral type K0 in 
the Henry Draper Catalog, and is also listed in the TYCHO-2 
catalog with TYCHO magnitudes B T = 9.98 and V T = 8.35. 
It is unclear whether this star is an actual nearby K dwarf or 
a more distant K giant. With J-H = 0.53 and J-K, = 0.34 
(from 2MASS), this object has very unusual IR colors which 
are consistent with neither a K dwarf or a K giant. Because 
it has a proper motion of only 0.165" yr" 1 , it is more likely 
to be a more distant object, although it is kept on the list of 
candidate nearby stars at this time, pending clarification of its 
status. 

3.4.2. G 141-36 

We estimate for this Giclas object a photometric distance 
for only 7.6 ± 2.4 pc. That no follow-up observation has been 
performed on this object since its identification comes as a 
surprise, since it does have a large proper motion /i = 0.447" 
yr" 1 , making it an obvious candidate for a nearby star search. 
This object should be a high priority target for parallax pro- 
grams. 
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FIG. 5. — Selection of the nearby disc dwarfs from the high proper motion stars listed in the LSPM-north catalog. The color-magnitude relationship defined 
by LSPM stars with 7r mg measurements (see Figure 1) and shown above at the lOpc locus (dashed line), is used to select candidate nearby dwarfs between 3pc 
and 33pc (box). The typical loci of disc dwarfs, halo subdwarfs, white dwarfs, and giant stars are noted. The short 33 pc distance limit minimizes contamination 
by halo subdwarfs and white dwarfs, which follow different color-magnitude relationships. Contamination from distant giant stars is avoided by selecting only 
objects with V—J > 2.5. Note that most stars with V < 10 already have 7r mg measurements from Hipparcos. 



3.4.3. LSPM J 17 3 5 +2634 

This faint (V = 19.2) high proper motion star was first iden- 
tified by SUPERBLINK, and is one of the new stars listed in 
the LSPM-north catalog. With V-J = 7.9 and J-K s = 1.09, 
the object is most probably a very low-mass star, of spectral 
type M7 or later. The photometric distance modulus places it 
at a distance of 9.2 ± 2.9 pc from the Sun. 

3.4.4. LSPM J '1314+1320 

This moderately faint (V = 15.9) star has a photometric dis- 
tance estimate of only 9.7 ± 3.0 pc. It is another one of the 
new high proper motion stars found with SUPERBLINK, and 



also one of the nearest. As with the one above, it should be a 
high priority target for parallax programs. 

3.4.5. LSPM J 1935+3746 

This V = 11.6 star has a photometric distance estimate of 
only 9.9 ± 3.3 pc. It is also a newly discovered high proper 
motion star. Its moderately small proper motion (0.17" yr" 1 ) 
and location at low galactic latitudes (b=+8.33) would have 
made it difficult to find in previous proper motion surveys. 
Even more interesting, this star was previously found to be 
a counterpart of the ROSAT point source RX J 1935. 4+3746 
bv lMotchef aII ( fT998i) who determined a spectral type M4Ve. 
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TABLE 2 

D< 33pc stars in the LSPM CATALOG: new candidate nearby main sequence stars 1 



Name 


LSPM# 


RA (J2000) 
deg. 


Decl (J2000) 
deg. 


^RA 

" yr 1 


^iDecl 
" yr 1 


V 
mag 


V-J 

mag 


(m-M)vj 
mag 


dist. 
pc 




LiSrM J 000 1 +06 j 9 


nil 




-0.447 


-0.081 


16.79 


5.50 


2.09±0.56 


26. 2± 5.3 


T TZ> £ Q/1 A 

L,r J&4-4 


t cdh^ Tfinm i ai 1 ^ 
LirM J 0002+01 1 J 


U.DzjyU9 


1 .260014 


0.468 


0.071 


19.48 


7.31 


l.jUdbU.oj 


18. 2i 5.7 




LSPM J 0005+0209 


1 A 1 1 f\A 1 

1.411041 


2.165013 


0.261 


-0.270 


17.73 


5.74 


2.57±0.5o 


32. 6±l0. 3 




T SPM 1000^+4129 


1.480111 


41 491386 


0.208 


0.012 


12.96 


3.56 




32. 3± 9.8 




LSPM J0006+0439 


1.609240 


4.653243 


0.316 


-0.253 


20.35 


7.39 


2.02±0.63 


25.4± 8.0 


G 217-32 


LSPM J0007+6022 


1.927582 


60.381760 


0.342 


-0.029 


13.42 


4.51 


0.82±0.69 


14.6± 4.8 




LSPM J0009+0603 


2.323657 


6.062851 


0.094 


-0.210 


15.37 


4.73 


2.30±0.69 


28.9± 9.5 




LSPM J00 11+0227 


2.785660 


2.466367 


0.097 


-0.134 


15.63 


4.78 


2.46±0.69 


3l.0±l0.2 




LSPM J00 11+5736 


2.779359 


57.614510 


0.192 


-0.063 


14.66 


4.54 


2.00±0.69 


25.l± 8.3 




LSPM J00 12+0206 


3.011115 


2.106582 


0.292 


0.074 


15.40 


4.81 


2.16±0.69 


27.l± 8.9 




LSPMJ0014+0213 


3.742652 


2.218896 


0.317 


-0.113 


16.81 


5.40 


2.32±0.56 


29.l± 9.6 




LSPM J00 15+4344 


3.828451 


43.742985 


0.232 


0.038 


16.69 


5.47 


2.05±0.56 


25.7± 8.5 




LSPMJ0015+5829 


3.980497 


58.494160 


0.257 


-0.003 


14.86 


4.71 


1.83±0.69 


23.3± 7.7 


G 242-49 


LSPMJ0015+7217 


3.902023 


72.283562 


0.319 


0.185 


12.70 


3.86 


1.53±0.57 


20.3± 6.1 




LSPM J00 16+3000 


4.168521 


30.016624 


0.225 


0.028 


12.63 


3.52 


2.32±0.57 


29.l± 8.8 



The complete table is available in the electronic version of AJ. This table is to provides guidance to the format of the data. 
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FIG. 6. — Density distribution as a function of distance of northern nearby 
and candidate nearby MS stars. The shaded area denotes previously known 
objects. The continuous line marks the expected distribution assuming the 
survey to be complete at I2pc, and a uniform distribution of MS stars in the 
local volume around the Sun; the estimated local density is 0.77 stars pc -3 . 
The new census shows signs of increasing incompleteness beyond I5pc, al- 
though the present study does make a significant contribution to the nearby 
star census. 



The spectral type is consistent with the star being at a distance 
w 10 pc from the Sun. 

4. COMPLETENESS OF THE NORTHERN NEARBY DWARF CENSUS 

A histogram of the distribution of nearby and candidate 
nearby MS stars as a function of distance is presented in Fig- 
ure 6. Stars that were known before this study are indicated by 
the shaded area. The present study makes a very significant 
contribution for stars beyond 20 pc; only few new additions 
are made within 15 pc. Assuming the current census to be 



complete up to a distance of 12 pc, we estimate the local stel- 
lar density of MS stars to be 0.77 stars pc -3 . The expected 
distribution of objects as a function of distance, for a uniform 
distribution of stars in the local volume, is shown in Figure 6 
for comparison. 

The current census clearly shows signs of increasing incom- 
pleteness beyond 15pc. This is despite the fact that the present 
study is contributing a significant number of additions beyond 
this limit, and especially beyond 25pc, where the new candi- 
dates account for more than half of the known nearby objects. 

The source of the incompleteness lies not in the limiting 
magnitude of the LSPM-north catalog. The LSPM-north is 
estimated to 99.5% complete down to V = 19, with a limiting 
magnitude V = 21 (Lepine & Shara 2005). The vast majority 
of the MS disk dwarfs have absolute magnitudes My < 16, 
and at 33 pc are all bright enough to be in the LSPM-north. 
Figure 7 plots the distribution of stars as a function of abso- 
lute magnitude and distance. It is clear that the bulk of the 
red dwarf stars are located between 10 < My < 15. For stars 
within 33 pc, the majority are too faint to be in the HIPPAR- 
COS catalog, but they are well within the magnitude limit of 
the LSPM-north. The 33 pc census built from the LSPM cata- 
log is expected to be deficient only in stars that lie at the very 
bottom of the main sequence (My > 18). 

The main source of incompleteness in the 33 pc census 
remains the high proper motion selection. At 33 pc, the 
/i > 0.15" yr" 1 limit of the LSPM selects for stars with trans- 
verse velocities v tram > 23.5 km s" 1 , which excludes a signif- 
icant number of disk stars with low space motions relative to 
the Sun. Figure 8 plots the distribution of nearby and can- 
didate nearby stars as a function of distance and transverse 
velocity V tram in km s , where the latter is calculated from 
the proper motion and estimated distance (V trans = 4.74/i d). 
Northern nearby stars that are in the LSPM catalog are rep- 
resented by black dots. The incompleteness due to proper 
motion selection is clear. The very abrupt drop across the 
/i = 0.15" yr" 1 points to the existence of a significant popu- 
lation of d < 33pc stars with proper motions /i < 0.15" yr" 1 . 
The detection ranges of catalogs with various proper motion 
limits are noted in Figure 8. 

The HIPPARCOS catalog lists 265 stars in the northern 
sky with d < 33 pc and < 0.15" yr" 1 . The YPC lists 37 
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FIG. 7. — Distribution of nearby and candidate nearby stars as a function 
of absolute magnitude and distance. Curves indicate the loci of stars with 
apparent magnitudes V = 6 (limit of the naked-eye stars), V = 12 (limit of 
the HIPPARCOS catalog), and V = 20 (limit of the LSPM-north catalog). 
The bulk of the red dwarf stars, the dominant constituent of the local stellar 
population, are in the range 10 < My < 15. In the 33pc sample, most of 
these are beyond the range of HIPPARCOS, but well within the range of the 
LSPM-north. 
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FIG. 8. — Distribution of nearby and candidate nearby stars as a function of 
the transverse velocity and distance relative to the Sun. The black dots are the 
nearby stars that are listed in the LSPM-north catalog. The open circles are 
the known nearby stars that are not in the LSPM-north because their proper 
motion is below the 0.15" yr 1 limit (89% are bright HIPPARCOS stars). 
This demonstrates that the proper motion limit of the LSPM catalog is the 
main source of incompleteness of the present nearby star census. 



more d < 33 pc stars which are not in the LSPM-north ei- 
ther, because their proper motion is too small. These 302 low 
proper motion nearby stars are plotted as open circles in Fig- 
ure 8. It is interesting to note that the census of known nearby 
stars with small proper motions is disproportionately biased 
toward HIPPARCOS (V < 12) objects, whereas the census 
of nearby stars with large proper motions is dominated by 
non-HIPPARCOS (V > 12) stars. This is consistent with the 
fact that ground-based parallax programs (which the YPC is 
a compilation of) have been largely dependent on lists of can- 
didates selected on the basis of large proper motions. 

The proper motion limit results in an increasing incom- 
pleteness in the nearby star census as a function of distance. It 
is possible to estimate how many low-velocity stars are miss- 
ing at larger distances by mapping the distribution of low- 
velocity stars that actually get detected at smaller distances. 
Figure 9 compares the distribution as a function of transverse 
velocity (v tram ) for stars within 33 pc that are actually detected 
by the LSPM-north, with a estimate of the expected distribu- 
tion of objects. The estimate is based on a correction of the ac- 



tual number of stars found within 33 pc at a given v tram to the 
effective volume sampled by the LSPM-north for stars hav- 
ing that value of v trans . No correction is necessary for velocity 
bins > 23.5 km s" 1 , since the 0.15" yr" 1 limit of the LSPM- 
north is sensitive to star with such velocities out to at least 33 
pc. For bins with v trans < 23.5 km s -1 , the bins are normalized 
by a factor (d max /33) * *3, where d max = v, ranj /4.74/0.15 is the 
maximum distance a star with transverse velocity v tram can be 
detected by a proper motion survey with \i = 0.15" yr" 1 limit. 
The "predicted" velocity distribution at small v trans (see Fig- 
ure 9) shows fluctuations because of small number statistics, 
but it is clear that at least a thousand stars must be missing 
from the census because of their small proper motion. 

A simple estimate suggests that there should be « 6,500 
stars within 33 pc of the Sun. The current census includes 
only 4434 stars, the 4, 1 3 1 ones listed in the LSPM-North, plus 
the 302 known nearby low proper motion objects (see above). 
The current, overall completeness of the 33pc census is thus 
only w 68%. This indicates that « 2,000 northern, nuclear- 
burning stars remain to be found within a distance of about 33 
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FIG. 9. — Full line: distribution as a function of transverse velocity (v tran ) 
of main sequence and giant stars in the current census of stars within 33 
pc of the Sun. The census is based on a detection of the star in the LSPM- 
north proper motion catalog, which has a proper motion limit /j < 0. 15" yr" 1 . 
Dashed line: predicted distribution after correcting for the fact that stars with 
low Vtran are not detected out to the 33 pc limit because their proper motion 
is below the limit of the LSPM-north. 



FIG. 10. — Predicted completeness as a function of distance of a nearby 
main sequence and giant star census based on proper motion catalogs. The 
completeness is estimated for catalogs with different /i limits; the LSPM- 
north has a proper motion limit of /i < 0.15" yr~' (full line). The current 
census of nearby stars based on the LSPM-north is less than 50% complete at 
33pc. Upcoming surveys with lower proper motion limits (0.10" yr"" 1 , 0.05" 
yr -1 ) will increase the completeness significantly by adding stars with lower 
transverse velocities. 



pc, and that these have proper motions fi < 0.15" yr" 1 . The 
situation in the 25pc volume is slightly better, with w 2,800 
nuclear burning stars expected in the northen sky, and 2,304 
currently located (including 114 with /i < 0.15" yr" 1 ). The 
current completeness of the 25pc census, the traditional extent 
of the "Solar Neighborhood", is thus w 82%. The 500 or so 
missing stars are expected to have proper motions below the 
limit of the LSPM-North. 

It is clear that much can be gained by expanding our proper 
motion survey to reach smaller proper motion limits. Figure 
10 plots the expected rate of detection as a function of dis- 
tance, for surveys with lower proper motion limits [i = 0.5" 
yr" 1 , 0.2" yr" 1 , 0.1" yr" 1 , and 0.05" yr" 1 . These detection 
rates are based on the transverse velocity distribution shown 
in Figure 9. One sees that to achieve a 90% detection rate 
at a distance of 25 pc would require to assemble a complete 
survey of stars with ^ > 0.05" yr" 1 . 

5. CONCLUSIONS 

This paper has presented a list of nearby and candidate 
nearby main sequence stars, subgiants, and giants within 33 
pc of the Sun. The list is based on an analysis of the LSPM- 
north catalog of stars with proper motions \i > 0.15" yr" 1 . 
The census contains a total of 4221 stars in the half of the sky 
north of the J2000 celestial equator. The list includes 1676 
previously known nearby stars with measured trigonometric 
parallaxes, 783 previously suspected nearby objects, and 1762 
new candidate nearby stars. 

A relationship is determined between the absolute V mag- 
nitude {My) and the V— J color index. This relationship can 
be used to calculate photometric distance moduli (m-M) V y-j 
in the V,V-J magnitude system. This is convenient for es- 



timating distances of all the stars in the LSPM-north (for 
which V and J magnitude estimates exist) to the extent that 
the relationship is applied to main sequence(H-burning) stars 
of near-Solar metallicity. For single stars, the relationship 
is accurate to ±0.5-0.6 mag, which means that it provides 
distance estimates accurate to ±25 - 30%. The relationship 
breaks down for white dwarfs and subdwarfs, whose cases 
will be addressed in upcoming papers of this series. It is 
found, however, that the sample of main sequence dwarfs se- 
lected based on the color-magnitude relationship should not 
be significantly contaminated by mis-identified white dwarfs 
and subdwarfs, as long as the search is limited to stars within 
33 pc of the Sun. 

The main purpose of the present list of candidate objects is 
to provide targets for upcoming parallax programs. A fraction 
of the 783 previously suspected nearby MS stars are probably 
already on parallax programs. The list of 1762 new candidate 
nearby stars should be examined to sort out the most promis- 
ing candidates to be added to the parallax programs. Note 
that current distance estimates based on photometry are only 
approximate, and should be used with caution. 

A large spectroscopic follow-up program is under way, 
which will soon provide spectral types and radial velocities 
for most of the new candidate nearby stars presented here. 
Results will be presented in upcoming papers in this series. 
While these will also yield spectroscopic distance moduli, 
these are not expected to be significantly more accurate than 
the photometric distance moduli presented here. Accurate dis- 
tances will ultimately come from parallax measurements. 

The census of nuclear-burning stars within 33 pc of the 
Sun, based on the present study, appears to be only « 68% 
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for the northern sky. The census of nuclear-burning stars 
within 25 pc, the traditional confines of the so-called "So- 
lar neighborhood" is estimated to be « 82% complete. It is 
revealed that the main source of incompleteness lies in the 
low proper motion limit (p > 0.15" yr" 1 ) of the LSPM-north 
catalog. Expanding our survey to reach a smaller proper mo- 
tion limit appears to be the best way to significantly increase 
the completeness of the nearby star census. An extension of 
the SUPERBLINK survey down to a proper motion limit of 
/U = 0.10" yr" 1 is now being completed, and a second exten- 
sion down to [i = 0.05" yr" 1 is being planned. An analysis of 
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TABLE 3 

D< 33pc stars in the LSPM catalog: known giants, subgiants, and main sequence stars with trigonometric parallaxes 1 
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The complete table is available in the electronic version of AJ. This table is to provides guidance to the format of the data. 
2 References for parallaxes: HIP - Hipparcos and Tycho Catalogue, HID - common proper motion companion of a Hipparcos star YPC - Yale Catalog of Trigonometric Parallaxes, D02 - Dahn et al. 2002, NST - NStars Database, R03 - Reid 
etal. 2003b. 



TABLE 4 

D< 33PC STARS IN THE LSPM CATALOG: KNOWN MAIN SEQUENCE STARS WITH PHOTOMETRIC/SPECTROSCOPIC DISTANCE MODULI 1 
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The complete table is available in the electronic version of AJ. This table is to provides guidance to the format of the data. 

2 References for pho tometri c data: CNS - 3rd Catalog of Nearby Stars IGliese & Jahreisil991l) . G OO -IGizis et a/Jp OOM). RC02 - IReid & Cral 12003) , CR02 - ICruz & Reil 12001) . R04 - IReid et al\ l200l P01 - IPhan-Bao etal\ |200H) . P03 - 
iPhan-Bao et a71l2003tl . S01 - IScholz. Meusinger. & .Tahreisjl200*l , S03 TsalimefSn2003l), T03 -iTeegarden et q/.ll2003tl. 

3 References for spectroscopic data: K04 - IKendaU et qflEool . LRS - ILepine. Rich. & Sharal 12001 . CR02 - ICtuz & Reid |2003) . C03 - ICutri et aZ.ll200l) . R03 - IReid et a/H2003il) . R04 - IReid et a/.ll200l) . 



